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Synthesis and Conformation in the Solid State of Oligopeptides with 
the r-Alanyl-L-leucylglycyl Sequence in which Some Glycines are re- 
placed with N- Methylglycines 

By Ryoichi Katakai, Department of Chemistry, College of Technology, Gunma University, Tenjin-cho, Kiryu-shi 
376, Japan 

A number of oligopeptides consisting of L-alanyl-L-leucylglycyl sequences in which some glycyl residues are 
replaced with N-methylglycyl residues were prepared by the fragment condensation method using Nps-L- Ala-L- 
Leu-Gly-ONSu and Nps-1.-Ala-L-Leu-Sar-ONSu. Conformations in the solid state of the peptides were examined 
by i.r. spectroscopy. The shortest peptide length for the formation of an rx-helix is three successive L-alanyl-L- 
leucylglycyl residues situated between L-alanyl-L-leucylsarcosyl residues. 

PEPTIIIES potentially capable of forming a-lielices can 
take the a-helical conformation if they ha\-e chain lengths 
longer than certain definite lengths known as critical 
pcptidc 1engttis.l At the critical peptide lengtli, the 
a-helix is stabilized to a degree that just maintains the 
helical conformation. Small changes in stabilization, 
brought about hy perturbations in the peptide system, 
should tliercfore affect the critical peptide length. \Vc 
have thus embarked on a study of peptides containing 
some N-methylated amino-acids which, due to their 
inability to form hydrogen bonds, are a suitable source of 
perturbation. Comparison of the critical peptide lengths 
for the forniation of the a-Mix for peptides with and 
without tlie N-rnethylatcd amino-acids should provide 
direct cviclence for tlie role of hyclrogen bonding in the 
stabilization of the a-helix. We now report the syn- 
thesis and conformation in the solid state of peptides 
containing tlie r~-alan?ll-L-leucylgl~~~~l sequence in which 
some glycyl residues are replaced by iV-nictliylglycinos 
(sarcosiries). 

Pept ides w r c  syn tliesized by tl ic fragment-condens- 
ati( )n met hod using t t ic N-I iydroxysuccinirn ide (ONSu) 
activc ester of the tripeptide units. 'Thc t r ippt ide 
units Nps-i,-Ala-r,-I,eu-Gly-O~t (1  ) and Nys-L-Ala-Id- 
Leu-Sar-OEt (2) were prepared by the 0-ni troplienyl- 
sulphenyl (Nps) -~~-c;trhoxy-amiii~-a(,i(l anhyfridc (NCA) 
 method.^ Treatment of glycine or sarcosine ctliyl estcr 
with the N p - N C A  of ~,-leucinc was followed 1)y deprotec- 
t ion of the Kps-group with hydrocliloric acid and re- 
action wit11 the Nps-NCA of r,-nlaniiie to g i w  (1) or (2). 
These tripeptide esters wcre saponified to give the free 
acids, wliic.11 wcre then csterifiecl with IIONSu and r t i -  
c~~clolie?tylcarh~,di-imidc to gi\-c tlie tripeptitle acti\-c 

esters Nps--L-Ala-r,-Leu-C;ly-ONSu (3) itiid Nps-L-Ala- 
I,-I,eu-Sar-ONSu (4). All reactions were carried out in 
t c b  t ra ti yclro f u r an (T H I ?) . 

?'he syntheses of tlie oligopeptides were achieved from 
( 1 )  as the starting peptide by its reaction with (3) or (4). 
The sarcosyl residue could be introduced into the appro- 
priate position of the glycyl residue in the L-alanyl-c- 
lcucylglycyl sequence during the elongation of the pep- 
tide chains using (4) instead of (3). A typical synthesis 
is that of the lienicosapeptide Nps-L-Ala-L-Leu-Sar- 
(r,-Ala-L-Leu-Gly),-I,-Ala-L-Leu-Sar- (L-Ala-L-Leu-Gly),- 
013t. ( 1 )  was treated with Bn.-hydrocliloric acid in di- 
oxan to give the tripeptide ester hydrochloride, which 
was allowed to rcact with (3) in the presence of triethyl- 
amine in THF for 5 h a t  room temperature to give 
the hexapeptide Nps-(L-Ala-L-I,eu-Gly),-OEt (5). The 
hexapeptirlc (5) was treated with 4~-hydrochloric acid 
in ethanol to give the hydrochloride, which was allowed 
to react with (4) in diniethylformamide (DMF) to yield 
the nonapep t ide N\'ps-I--Ala-L-Leu-Sar-( L-Ala-r,-Leu- 
Gly)2-C)ICt (6). This was dissolved in trifluoroethanol 
(TFE) and to the solution was added 4N-hydrochloric 
acid in ethanol to remove the Nps-group. The resulting 
iionapeptidc ester hydrochloride was treated with (3) 
in dinietliyl sulplioxide (DMSO) to give a dodecayep- 
tide Nps--~~-Ala-r,-I,eu-Gly-~-Ala-~-Lcu-Sar-~~-Ala-~-3,eu- 
Gly),-OEt (7) which, or1 treatment by the same pro- 
cedurc as above followed by deyrotection of the Nps- 
group with liydroclilot-ic acid in TFE-ethanol and re- 
action with (3) or (4) i n  IIMSO, gave finally the hen- 
icosapeptidc. All reactions proceeded in clear solution 
in DRISO. Tlie tripcptide active esters (3) or (4) were 
used in excess (1.5 rriol eqiiiv. with respect to the peptide 
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TABLE 1 

01 igopeptitles 

Nps-peptide-OEt a 

ALSA1.G 
ALGALSALG 
( ALG) ALS A LG 
( ALG) ,A LS A LG 
(ALG) ,ALSALG 
ALS(ALG), 
ALGALS ( ALG) , 
(ALG),ALS(ALG), 
(ALG),AIS(ALG) , 
(ALG),ALS(A4LG), 
ALS(ALG),ALS(AI,G), 
( ALS),( ALG), 
ALG( ALS) ,(ALG), 
(ALG) ,(ALS) ,( ALG) , 
ALS(AT,G), 
XLGAJS (ALG), 
(ALS),(ALG), 

A I ,GALS(ALG) ,A TdS ( A I G )  
IZI,S(ALG) ,ALS(AI,G) 2 

Yield 

86 
89 
80 
91 
93 
90 
82 
91 
94 
9 0 
89 
79 
83 
90 
94 
90 
93 
92 
91 

(%I  h1.p. (Y.)  
102-- 104 
155-- 157 
102 -- 104 
239-241 
266-288 
195---197 
116-118 
178 -180 
213-218 b 
261-266 
233-238 

136-138 
170-1 72 
264-267 
265-270 
247-251 
226-230 

156-158 

172-174 

R,. 
0.7 I 
0.:13 
0.13 
0.14 
0.18 
0.13 
0.36 
0.25 
0.06 
0.12 
0.09 
0.09 
0.13 
0.08 
0.04 
0.07 
0.08 
0.13 
0.08 

i.J I )  

-- 43.5 d 

- 39.1 a 
- 39.6 d 
- 39.0 
- 40.9 f 
- 39.0 
- 43.6 d 
-41.6 
- 38.2 
- -  44.3 
-51.6 
- 46.5 
-43.1 
- 46.9 
- 25.6 f 
-29.1 f 

-42.61 
-44.48 
- 43.6 

Found (yo) 
r- i 7  

53.4 7.0 14.3 
53.7 7.3 15.0 
54.1 7.5 I5,3 
54.3 7.7 15.6 
54.3 7.7 15.9 
53.9 7.1 1.1.8 
64.0 7.6 15.3 
54.0 7.7 15.6 
54.5 7.7 16.1 
54.4 7.6 16.1 
54.4 7.8 15.9 
64.6 7.5 15.2 
64.6 7.7 15.3 
54.6 7.7 15.9 
54.3 7.7 16.0 
54.3 7.7 16.2 
54.7 7.7 15.6 
54.3 7.8 15.7 
54.3 7.6 16.2 

c 1-r N 

Required (yo) 
/---A__ 

C H P ?  
53.5 7.1 14.3 
53.8 7.3 14.95 
54.0 7.4 15.5 
54.1 7.5 1.56 
54.2 7.6 16.0 
53.8 7.3 14.95 
54.0 7.4 15.5 
54.1 7.5 15.8 
54.2 7.6 16.0 
54.3 7.6 16.2 
54.5 7.7 16.1 
54.5 7.7 15.3 
54.6 7.6 15.0 
54.5 7.6 15.9 
54.1 7.5 15.8 
54.2 7.6 16.0 
54.5 7.6 15.9 
54.5 7.6 15.9 
54.5 7.7 16.1 

fi Abbreviations: A ,  L-alanyl; I,, L-leucyl; GI glycy!; S ,  sarcosyl. Decomposed. T.1.c. on silica gel using IIFIP-benzene 
( 1  : 1 vlv) as eluant. d c ,  0.5 in DMF. c, 0.5 in DMSO. J c ,  0.5 in TFE. 

ester hydrochloride) to ensure complete reaction of the 
peptide ester. After the reaction, the excess of the 
active ester present in the product was easily removed by 
simple washing with organic solvents such as THF or 
methanol. The crude product was purified by recrystal- 
lization from DMF, I)RlSO, or TFE. All prodiicts 
obtained showed a single spot on t.1.c. ‘The re.;~.nlts of 
the peptides are listed in Table 1 .  

This synthesis of peptides contains two principal 
experimental processes : deprotection of the N-protecting 
group and reaction of the resulting amine component 
with the peptide active ester. In  order to achieve suc- 
cessful results for both processes, it is very important 
to obtain a clear solution in which the reaction can 
proceed easily, since the solubility of peptides consisting 
of amino-acids having non-polar side chains, such as L- 
alanine and L-leucine in this study, becomes very low 
in the organic solvents used in these processes as the 
chain length increases. Choice of solvent system is 
therefore most important for a successful synthesis of 
these peptides. In this study, a variety of solvent 
systems was used in each reaction process as the peptide 
chain length increased. For removal of the Nps-group 
from the peptide derivatives by the action oi hydro- 
chloric acid, dioxan, etlianol, and TIT-ethanol were 
iised as solvents for the peptides of shortest, short, and 
long chain lengths, respectively. On the other hand, 

the reaction of the resulting peptide ester hydrochloride 
with the active ester was carried out in THF, DMF, and 
IIMSO for the peptides with shortest, long, and longest 
chain lengths, respectively. Fortunately, tlie peptides 
containing sarcosines have a rather higher solubility 
than those without and the reaction proceeded in a clear 
solution to give a pure product in high yield after simple 
purification by recrystallization. 

Conformational characterization of these peptides 
was achieved by i.r. spectroscopy. 1.r. bands character- 
istic of a a-helix and a p-structure for peptides having 
tlie L-alanyl-L-leucylglycyl sequence are known : bands 
at  1657, 1545, 527, 466, 393, and 364 cm-l for the a- 
helix, and bands a t  1700, 1636, and 441 cm-l for the 
p-~tructure .~ We thus characterized the conformation 
of our peptides by their i.r. bands. The results of the 
characterization are summarized in Table 2. 

The results reveal many interesting facts. First, the 
presence of sarcosyl residues in the middle of the peptide 
chains prevents the formation of the a-helix. This was 
demonstrated by the formation of a p-structure in pep- 
tides (D), (G), (J), and (K), which have a peptide length 
above pentadecapeptide which is the critical peptide 
length for the formation of an a-helix of a peptide 
without sarcosyl residues1 However, the presence of a 
successive sequence of four L-alanyl-L-leucylglycyl 
residues a t  the C- or N-terminal positions permits 

TABLE 2 
Conformations of oligopeptides in the solid state 

Peptide 
(A) Nps-Ala-Leu-Sar-( Ala-Leu-Gly),-OEt 
( H )  Nps-Ala-Leu-Gly-Ala-Leu-Sar-(Ala-Leu-Gly),-OEt 
((:) Nps-(Ah-Leu-Sar),-(Ala-Leu-Gly),-OEt 
(1)) Nps-( Ala-1,eu-Gly),-Ala-Leu-Sar-Ala-Leu-Gly-OEt 
(E) Nps-(Ala-Leu-Gly),-Ala-Leu-Sar-Ala-1,eu-Gly-OEt 
(I?) Nps-Ala-Leu-Sar-(Ala-Leu-Gly),-Ala-Leu-Sar-Ala-Leu-Gly-OEt 
(G) Nps-(Ala-Leu-CTly),-AIa-Leu-Sar-(Ala-Leu-Gly),-OEt 
(H) Nps- (Ala-Leu-Gly) ,-Ala-Leu-Sar- ( Ala-Leu-Gly) ,-OEt 
(I) Nps-Ala-Leu-Sar-(Ala-Leu-Gly),-Ala-Leu-Sar-(Ala-Leu-Gly),-OEt 
(J) Nps-(Ala-Leu-Gly) ,-Ala-Leu-Sar- ( Ala-Leu-Gly) ,-OEt 
(K) Nps-Ala-Leu-Gly-Ala-Leu-Sar-(Ala-Leu-Gly),-Ala-Leu-Sar-(Ala-Leu-Gly),-OEt 

Conformation 
a-helix 
a-helix 
a-helix 
B-structure 
a-helix 
a-helix 
@-structure 
a-helix 
a-helix 
@-structure 
@-structure 
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formation of the a-liclix in tlie lwpticle chains longcr t l ~ a n  
pentadecapeptides with sarcosyl residues. This W;LS 

demonstrated by the existence of the a-helical con- 
formation in peptides (A),  (B), (C), (E), and (H). 
However, a successive sequence of three J,-alanyl-T.- 
leucylglycyl residues at  the terminal positions cloes not 
provide a sufficient chain length to form the a-helix. 
This was shown bv formation of a p-structure for pep- 
tides (D) and (G), An interesting fact is that  a succc's- 
sive sequence of three t-alanyl-L-leucylglyc!.l residues 
permits formation of the a-helix when it  is present in tlie 
middle of the peptide chain as demonstrated by peptides 
(F) and (I). A successive sequence of two L-alanyl-L- 
leucylglycyl residues is not enough to form the a-helix 
even if i t  is present in the middle of the peptide chains. 
This was demonstrated by formation of the p-structure 
in the peptide (K). From these results, we conclude 
that a-helix formation for peptides consisting of L- 
alanyl-Jd-leucylglycyl rcsidues in which some of  the 
glycyl residue.; are replaced with sarcosyl residues needs 
at  least the presence of three L-alan yl-L-leucylglycyl 
residues joined by the L-alanyl-J.-leucylsarcosyl residue 
in the middle of the peptide chains. This means that the 
shortest unit that can forin an a-helix is thc sequence 
Sar-(L-Ala-IA-Leu-Gly),-r,-Ala-L-Leu-Sar. 

Apart from this shortest unit required for formation 
of the a-helix, we were interested in the forniation of the 
a-helix of the pept ide Nps-L-Ala-I>-Leu-Sar-( r,-Ala-L- 
1,eu-Gly),-OEt (A), since we can cliscuss this result in 
relation to the role of the peptide moieties at the terminal 
and internal positions in the peptide chains on the 
conformation of tlie a-helix. Peptide (A) forms an a- 
helix although it  lias a sarcosyl residue in the same 
peptide length as the critical length for the formation 
of the a-helix of the peptides lacking a sarcosyl residue. 
This means tliat the presence of a sarcosyl residue at  the 
third position from the N-terminus does not interfere 
with a-helix formation and that thc or-helix is formed with 
the middle moiety of the peptide chain. We have 
already reported in a conformational study of other 
peptide systems that in the critical peptide chain 
length whirl1 permits a-helix formation, three-amino- 
acid residues at  the terminal positions do not participate 
in the a-helix formation but serve as supports for the 
formation of tliis conformation built by the peptide 
moiety in the middle of the chains. The formation of 
an a-helix in the peptide (A) suggests that this concept 
of the role of the terminal peptide moieties is applicable 
to the moieties containing N-substituted amino-acids. 
Since the N-terminal L-alanyl-L-leucylsarcosyl residue 
serves only as the support for the a-helix formation, the 
presence of the sarcosyl residue at that position does not 
prevent the formation of this conformation. This rcsult 
was further supported by a-helix forniation for peptides 
(€3) and (C), in which the N-terminal rA-Ala-L-l,c.u-G1j~- 
L-Ala-L-Leu-Sar and (L-Ala-L-Leu-Sar), sequences are 
the support. 

The failure of a-helix formation for peptides (U) and 
(G) is also interesting. Thesc peptides have tlic N- 

terminal sequence Nps-(L-Ala-L-Leu-Gly),-L-Ma-L-Leu- 
Sar-. Since the N-terminal tripeptide L-Ala-L-Leu-Gly 
should be the support, the peptide moiety which can 
participate in the a-helix formation is -(L-Ala-L-Leu- 
Gly),-L- Ala-L-Leu-Sar-, which is not long enough for the 
or-helix formation shown by the peptide (K) which has 
the sequence L-Ala-1.-Leu-Gly-L-Ala-L-Leu-Sar-( L-Ah- 
L-Leu-Gly) ,-L-Ala-L-Leu-Sar-(L- Ala-L-Leu-Gly) 2-. 

Addition of a tripeptide moiety L-Ala-L-Leu-Gly or 
t-Ala-L-Leu-Sar, serving as the support to the peptides 
(U) and (G), permits a-helix formation, as was demon- 
strated by peptides (E), (F), (H), and ( I ) ,  which have the 
internal peptide sequence - (L-Ala-L-Leu-Gly),-L- Ala-r,- 
Leu-Sar-. 

E X  PER I RI E N T  AL 

Melting points were measured in capillary tubes with n 
Yainato NIP-2 1 apparatus. Optical rotatiuiis were 
Iiieasured with a J ASCO DIP-Sl, automatic polarinieter. 
1.r. spectra in the amide I and 11 regions were recorded for 
IWr discs with a JASCO A-1 spectrophotometer. Far-i.r. 
spectra were recorded for Nujol mulls xvith a JASCO IR-I; 
syectropliotometer. 

Nbs-L-A Za-L-Leu-GZy-ONSz&.--Tliis compound was pre- 
pared by the method reported earlier.5 

,~~~s-L-Leu-Sar-OEt.--To sarcosine ethyl ester hydro- 
chloride ( 7 . 7  g ,  0.05 mol) in chloroform (100 rnl) was added 
tricthylmnine (7  nil) and Nps-L-leucine NCA ( 17.2 g, 
0.055 mol), and the mixture was stirred for 2 h a t  room 
temperature. Evaporation under reducer1 pressure gave 
an oil, which was dissolved in ethyl acetate (300 ml). 
The soliition was washed with 576 aqueous sodium hydro- 
gencnrbonate, water, 5% citric acid, and water, and dried 
(Na,SO,). Evaporation under reduced pressure gave a n  
oil which was chromatographed on silica gel with cliloro- 
form-benzene ( 1  : 1 v/v) as eluant to give, after evaporation 
and drying of the main fraction in zlucuo, the pure clipeptide 
derivative as a yellow oil main product (17.5 g,  8 2 9 4 ) ;  
R ~ T  0.71 (ethyl acetate-benzene 1 : 1 v/v); [a],, -54.7 
(c 1.0 in methanol). 

Nps-L-A Za-L-~-eeu-Sar-OEt.--To Nps-L-Leu-Sar-OEt ( 16.3 
g, 0.04 mol) in 2N-hydrochloric acid in dioxan (40 1111) was 
addecl diethyl ether (400 ml), when a yellow oil precipitated. 
The precipitate was repeatedly extracted with diethyl 
ether until the yellow colour disappeared. The resulting 
oil was then allowed to stand in diethyl ether overnight in a 
refrigerator when crystallization occurred. Recrystalliz- 
ation from ethanol gave the pure clipeptitle ester hytlro- 
chloride which was then dissolved in THF (100 nil), arid 
triethylamine (5.6 nil) added. The resulting crystals were 
filtered off, and to the filtrate was added with stirritig 
Nps-L-alanine NCA (11.9 g, 0.044 rnol). Reaction was 
continued for 2 h a t  room temperature when the solution 
was tliluted with ethyl acetate (300 nil), washed with 
NaHCO, and citric acid, and dried (Na,SO,). Evaporation 
gave an oil (15.7 g ,  which gave a single spot on t.l.c., 
Rl<l 0.27 (ethyl acetate-benzene, 1 : 1 v/v); -75.4 
(c, 0.2 in methanol). 

N ~ s - L - A  Za-L-Leu-SnY-OI-i.--To the above tripepticle ester 
( I  3.6 g ,  0.03 inol) in acetone (50 ml) was added IN-sodium 
hytlroside (30 nil). The solution was stirred for 1 11 a t  
i-ooni temperature, then diluted with water (100 nil), 
extracted with dietliyl ether (60 nil), and the extract was 
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acidified to pH 3 with loo/, citric acid. The solution was 
estracted with ethyl acetate (200 ml> antl the extracts were 
washed with aqueous sodium chloride antl dried 
(MgSO,) . Evaporation under reduced pressure gave an 
oil which crystallized on addition of hesane. Itecrystal- 
lizetion from ethyl acetate gave the pure free m i d  (12.0 g, 
Myo), m.p. 57-59 "C ; RF 0.44 (ethyl acetate-l>enzene, 
1 : 1 v/v); [a][) - 6 7 . 1  (G, 0.2 in methanol) (Found: c', 5 0 . 5 ;  
13, 6.4; 13, 13.5. C,,H,,N,O,S requires 0, 50.7; 11, 6.15; 

N i x - L - A  la-L-J.eir-Sav-O1~Szt.--To the above free acitl 
(10.7 g, 0.025 niol) in TTW (100 ml) was acldecl N-hydrosy- 
succinimide (5.75 g, 0.05 mol). The solution was cooled to 
- 5 "C and dicyclohexylcarbodi-irnide (6.12 g, 0.03 niol) was 
added with stirring. Stirring was continued a t  - 5  "C for 
5 h when the mixture was diluted with ethyl acetate (300 
nil). The resulting crystals of the urea were filtered off, 
and the filtrate was washed with 5'3/0 NaHCO, and water, 
and dried (MgSO,) . Evaporation under reduced pressure 
and recrystallization from THF gave yellow cvystuls ( 1 1.9 g, 
8 8 O / , ) ,  1n.p. 362-164 "C; Rb- 0.88 (THF); /a],, -34.4 
(c, 0.3 in DMF) (Found: C, 49.1; H, 5.3; N, 13.8. C,,H,,- 
S,O,S requires C, 50.5; 13, 5.6;  N, 13.4%). 

N p s -  
r.-A la-L-leu-Sar-(L-Ala-L-Leu-GZy),-OEt.--'1'0 Nps-(L-Ala- 
L-Leu-Gly),-OEt (6.64 g, 0.01 mol) in ?'HI: (20 nil) was 
added 4~-hydrochloric acid in ethanol ( 5  1171). On addition 
of diethyl ether (200 ml) the hexapeptide ester hydro- 
chloride crystallized out. The crystals were collected on a 
glass filter, washed with diethyl ether until the yellow colour 
disappeared, and recrystallized from ethanol to give the 
pure hydrochloride (5 .5  g, 100o/o). The hy~lrochloride was 
dissolved in DMF (40 ml), and triethylainine (1.4 nil) was 
atltlecl followed by Nps-L-Ala-L-Leu-Sar-OXSu (8.1 g , 
0.015 mol). The mixture was stirred a t  room temperature 
for 5 h and then diluted with water (300 nil) and extracted 
with ethyl acetate (2 x 200 ml). The combined extract 
was washed with 5% aqueous sodium hydrogencarbonate, 
water, 576 citric acid, and water, dried (Na,SO,), antl 
evaporated under reduced pressure. Addition of hexane 
(200 ml) to the residue gave crystals which were collected 
on x glass filter, washed with diethyl et licr, and recrystal- 
lized from warm 'WP. 

x, 13.17;). 

7:yfiical Exanaple of the Frtlgmenl Condensatioiz. 

N p s -  (L-A la-L-Leu-Gly) ,-L-A la-L-Leu-Sar- (LA la-L-Leu- 
Gly)2-OEt.-'l'o Nps-~-Ala-~-Leu-Gly-~-Ala-~-Leu-Sar-(~- 
~~la-L-I,eu-(;ly),-OEt (1.16 g, 0.001 niol) in TI% (2 nil) was 
atldetl 4~-liytlrochloric acid in etlianol (0.5 nil). Addition 
oi' tlietliyl etlier ( 1  00 nil) gave crystals which were collected 
o n  a glass filter, washed with dietliyl ether, and recrystal- 
lized from '1 '1T to give the pure hydrochlori(le, 111.p. 167- 
I W  "C;  [a),, -74.3" (c ,  0.1 in methanol). The hydro- 
chloride w a b  clissolvecl in 1 )MSO (20 ml), ant1 trietliylamine 
(0.14 nil) was  ;ddetl followed by Nps-~-Ala-~-Leu-Gly- 
O K S u  ( 0 . 7 9  g ,  0 . 0 0 1  6 niol), ant1 stirring was continued for 
5 11 a t  rocmi teniperature. Addition o f  water (200 nil) 
gave crystals \vhic.11 were collected on a glass filter, washed 
witli ethyl acctatc and dietliyl ether, arid recrystallizecl 
froin 1 >MS( 1. 

Nps-rA-.4 la-~-l~eu-Sccr-( L-A la-L-Leu-Gly),-L-A la-L- I - e w  
Sar- ( ~ - - 4  l(t-1,- l2eu-Gly) ,-Ol3.--To Nps- ( L-A~~- I . - IAx~-G~~)  3 - ~ -  

~ ~ l ; ~ - ~ - ~ , c ~ r - S a r - ( r ~ - , ~ l a - ~ ~ - I - ~ ~ ~ - ~ I y ) ~ - ~ ~ I ~ t  ( 1  .63 g, 0.C)O 1 11101) in 
'I.l;F< 1x73s added. 4~-hydrocliloric acid in  etlianol (0.5 nil) 
follocvcd by diethyl ether. 'Hie hy(lroch1oride whicli 
crystallized out was washed with dietliyl ether antl recrystal- 
lized from 'LTX, n1.p. 212-214 "C; \a],, -81.0" (c, 0.1 in 
me thnnol) . The liyclrocliloritle was (1 issolved in  DMSO 
(10 nil) ;mtl treated with triethy1;tmirie (0.14 nil) antl 
N p s - ~ - i \ l a - ~ - I , e u - S a r - ~ ~ S u  (0.81 g, 0.001 5 niol). After 
stirring for 5 h a t  room temperature, the mixture was diluted 
with water (200 nil) to precipitate tlic product, which was 
collected on a glass filter, u~~s l i ed  with nietlianol, 'I'ITF, and 
diethy1 ether, dried, and recrystallized from TI;€<. 

RPpvecipitntioPt o j  the Pepticles.-The peptide (500 nig) 
w;ts dissolved in  liept,2fluol.oisopropyl alcohol (HFI 1'). 
Rtltli tion o f  dictliyl ether (:I00 nil) precipitated tlie peptitle 

collec.tccl on  a glass filter, washed wi th  diethyl 
cllicr, ;111tl tlriccl 
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